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In en endeavor to evaluste the Sension Impact 
Test and to correlate results, it wen necessary bo 
econduet the test upon material whose exact physicel 
properties were known, It as decided to employ the 
aluminum slleys used in eirereft menufoeture for this 
purrose 8&6 a complete investigation of their properties 
had pot been mede availeble to the industry. Thus te 
routine tests conducted for correletion purposes héve 
an added value in that they present further dete on 
these alloys. 

{ne following Alleys were therefore chosen 
as being appropriate muterinis upon which to cunduct 
this investigetion: 

1401 A forging 4lioy 
245-T A wrought @lloy 

This repert nsturally divides jteelf into 
two sections: 

(a) The investigetion of (eraion Impact 
restinge 

(>) The resulte of teste condweted upon the 


above aluminum @lloys. 
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Sefors wo investigution of the physicel 
properties of the cluminum plicys we begun, a study 
Of the Yelue ani methed of tansian inpeet testing 
ms undo. jn © survey ef SvHilable litereture on 
this eubject, it wae fomid thet Mr. fi, 0. Wenn, of 
Wetertows *reensl, hid corried out an extensive 
progren of tenmion lapect testing on ferrous materiale. 
Seenuae of ita isportaenes Aad releveree to the euthers' 
problem, « driv? stmmury of bie conelusions is given 
(Nef. 1). 

Ne UGlieves thet tumso tests give & better 
inde of the ehility of * metariel to ebsorbd dynamic 
leade tien dose the etanderd Izod or Unurpy lest, 
meinly tbechuse tuey Gan be correlated with the ttatie 
Teneion Ieet. Ww stetoe Quet the sechaniam end provess 
of taformetion ere Ssaée),tielly the éane under both 
sistio 400 Gynimio oonditionsa. thle i# shown by the 
freot thet approximately the cane auount of energy is 
weed to ryphiry similer specinens In both static and 
Oyrnemie teete off Viet Chere if Similer elotigetion ond 
roiuetion of «rev in the apeciown. Cowever, during tie 


progess of rupturing, © wmeterial shows an increnasd 





elestic strength eecounted for by en spparent con- 
version of inherant potential energy to inherent 
Kineti¢ energy. A feetor beved upon this 4pparcet 
erergy trensfer is @pplied to tha energy indicated 
py the load-deformation curves obisined in a atetio 
test in order to effect correletion with the dynamic 
test. 

his correction is mode in the following 
manner. The statio tension test is earried out in 
the usual manner exeept that totter elonmation is 
mensured and plotted against total Llosd, the test 
is stopped et appropriste loed ineremeots and the 
eross segtion saree of the most reducsa section is 
neasured, the retio of the origins 1 ¢ross section 
aren to thet of the most reduced section {s multi=- 
plied by the eetual load on the specimen rt the tine 
of measurement, this correctsd Load ordinste then 
veing plotted against the deformtion. chis progedure 
is gontinued until failure oeeurs. the ares ander the 
normal Load=deformation curve represerte the external 
work or energy. lhe ares between the normal and the 
eorre¢ted curve is equal to the inberert energy of 
the material. the sum of the two ereas oF tha totar 
area under the correotes curve gives the tfojel energy 


of rupture. 
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h ahove, obteined maitbent hepowach 
with the dynimic taste. a " 

Monn'’s tects elec infioste that & a terial 
peseesone © Liniting rate of reoture for mexime 
enerey (brerstlon, if tite rete is excweded, ive., 
tie valoolty of iomecth expesds some critics] velus, 
then the s0erer (bearded te wedoeed. The ¢ritiesl 
rove of inpeot Por LMS srowd wes shown to be about 
90 ft,/emo. om the Liniue~lewn emehine used in 
this Lnveetivetion hae # gation atriking velocity 
of 11,90 £0, /one. Oo Lovewtigwtion of the effects 
of velooity of Lepet ooulé be unlertecen Sl though 
engh would b¢ derirenio. 1) 18 probable thot the 
iepeot welows odtuioad for both siwel end Gluminun 
were meviwiee 4c the iopeet velocity i# well tele 
the Lietting rete for eteel. 





In order to get more complete information 
on proper testing tectmivue, the cuthors conducted a 
soriow of tension impact teste to datercine the ef- 
feot of eurfaeve finish end ef speciann diamter, The 
equipment sveilable for this wes « stenderd pendulum 
bype, 180 ft. Lb. cinine-Sleen Tmpaet vesting wwehine 
with © maximum strikine velocity of 11.85 ft,/see., 
designed for stenderd Izof testing, The fixed anvil 
was wollified to held » tension impket epecinen hort- 
aontally and in such a position thet the hummer would 
strike the moveble envil et the G@xect bottom of its 
stroke (Vigure 1}. ihe determinétion of anergy #b- 
sorbed in LUresking the specimes woe mede in the normal 
miner, lhe specimens were mechinet from 5/8" reund 
bar stock of normalized 1040 steel with surfece con~ 
ditions verying through four grades: rough machine, 
smooth machine, @round, and ground end poliehed, The 
effeet of surface rouganess is shown in ftgure 2. 
‘his is based on energy ebsorbed for 4 Sineie diameter 
speciter, However, opetoximetely the seme menitude 
of seetter and leek of eny epecific tranéd held for eit 
diameters tested. he results @n the roughly mMeehined 
spesinens are not show as they were very erretic end 


the roughness wes artificially obt@ingd by the ume or 





an eepecially dulled tool. frem the date as shown, 
it appears that nothing is to be guined by extreme 
refinement in surface finish. 

4 series of tests wore made ysing the 
following specimen d@ismeters: 0,10", 0.157, 0.80", 
0.22", and 0.25", The averige value of the unit 
energy (ft. los./eu. in.) for the various diameters 
ls plotted in Vigure 5, each averages being based on 
fifteen specimens. a dafinite drop in unit energy 
is noted for the smaller diemeters, this is probably 
due ve « bewdenod and enbrittled surface layer formed 


a an ee eo) 
as a result of tip ahs wou of the satertal during 





“a, = * 
“-maghining. Watereily, as the dioneter increases, this 
a ae ~y 


effect becomes of less importence and it 1s probeble 












thet specimens above 0,25” diameter would give prastie- 
ally constant unit energy. Octe from heference 1, shows 
thet a 1040 steel speoinmen of 0.357" diumeter absorbed 
the seme unit energy ss did the 0,25" diameter specimens 
tested by the euthors, Crester dlemetsrs were not 

aves tigated because of the Limited capecity of the 
testing equipment. 

The project for the testing of the physical 





- is 
pro ve rt Les of tx Sn alloys included fifteen 7 
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> 
extra specimens of the + sion impeet tyne, nenufae tured 


from the some stock, ‘fhese will be aveilable , for AR 





investigution of tension impeet fatigue upon the 
developaent of » machine for thet type testing. ‘his 
euchine will deliver repented Dlows of = pradetermined 
enertay input ta the spectaen. ihe specinen skoulé be 
able to withwbend ap infinite number of blows if the 
energy of eeeh blow is autixely ebsorbed in elastic 
defornetion and the limit for energy ebsorption by 
this mesns ehould denote the fetique strength of the 
eeteriel. Any Goeregy input Sbove this limiting velue 
cust be sbsorbed in plestic deformation of the specinen 
eel Fepes6ed blows whould ectuse its failure. It is 
hoped thet there aay Of sone eorraletion between the 
total energy sbeurbed in pleatic deformation before 
feilure on@ toe energy Sd¥orbved in the tension inpsct 








Tre sethod of impect tasting using 4 tension 
epgoimen is believed to give 9 good messure of a 
saterial’s ebility to witheten® dynenic loadsa. <he 
tect rewulte obteined Dy the enthors indicete thet 
noel {nedourweioe in the asmrfacture of the specimens 
fe cot meteriaily effect tie Saet volues. Tho resulte 
ales indiests tiv} specioere of ony given we terial 


hevitn Qieeeters vf 0.59" OF OFer ebeoth wreetically 





Gonatant unit energy. this would signify that « basic 
property of the materiel is being measured. 

The notched type impset test has been cor~ 
reotly called 4 “noteh Sene@itivity” test in thet it 
indicates « @aterial’a ability to sbsorb a dynamic 
lowg in bending when the tension side ef the apec ian 
eontaine a sherp groove or notch, These teats show 
a yariction in inpect strength with grein @irsetion 
but in a different degree from that obtwined in ten@ton 
impaot tests. they alao intieste thet there my de a 
Variation in noteh Seneilivity with chen@e in tho place 
of the noteh while maintaining the some longitudinal 
axis of the specimen. The results of these teeta ere 
vitally effected by smell veriations in the apecimens 
themselves. ony varietion in the dimensions of the 
specimens or in the shupe, ¢eyth or width of the notenh 
affects the results so merkedly thet they becom 
practionlly useless for semparstive rurpeses . 

The two types of impact tart Sre sean to 
dewonstrate different inherent cherecterieties of 6 
material, it is therefore believel that ony complete 
investigetion of the phyvical properties of e given 
materi#l should include both tension and noetehed tyre 


impact teats, 
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Ruggesberger type extensomoters wore Attached 
dixestricelly opposite ond their rerdings* eonpared, 

ths oversee cbruin reedinge of the extensoneters ware 
used a6 tis etruln of the apseimanm and these values 
qars plotted ageinet etraes to obtein # stress-strain 
disernm. from those Aisgracs She modulus of elastiolity 
whe computed. 


2 beer 

The ehear specinens (figure 4) were made to 
Tit © Stenderd rivet shesr block. This method of 
testing places thw specinen in double shear 4nd the 
ehureeter of the failure indicated thet there wes ne 
vending in the test, Whe tests were conducted with 


Che Seléwin-southwark gachine. 


Grapression 


Tye cowpresaion speelmedas (igure 4) Were 
tgeted in the Saldwis-southwerk machine. they were 
piuned vetwece spherical engage to aliminate bending. 
vandines of the disasters sere oeriodic@lly tekea 
eitn « aloromebor ent these plotted ugeinest Stress 
eers yoet ta @or fupotion with the Modulus of elas tie~ 
ity deterained in tie Sesion teats 16 compute the 


mmieson's retle. 
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Tests conducted et tim California Institute 
of Technology. | 


Fatigue 
These tests were conducted on 6 méehine in 


the structures Laboratory of the California Institute 

of Technology which 1s essentially o rotating sentilever 
beam type. Che specimen (Figure 4) is mounted with one 
end in the tapered hole of @ ball beering that is con=- 
neeted by metre of spiral bevel ges@rs to @ shaft which 
in turn is direotly connected to an electric moter. 

The other end of the specimen fits into © Similer bell 
besring with e tepered hole. Zhis lstter beering hes 

& long arm attached to it upen whieh welehte ere sue- 
pended. ihe morent produced by thuse weights acting 

at the end of the arm produces vending in the specimen, 
and with rotation, the etress ia alternated from a 
positive (tension) maximum to @ neeetive (compression } 
mexinmam during @#eh revolution. The speed of reteation 
wees gonetent et approximétely 5000 repem. she cantilever 
losding of the specimen intro@uces Girect comoresnive 
streases but of sneh meenitude as to be considered 
negligible, as in nw test ai0 the petia of direct Compres=- 


sive stre@s to mexinan bending stress exceed 2.008. 


Li. 


Wario stress Lo the spevinan wax computed 
in sooorteven © ish the formule for s sinple beam in 
venting. 
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(he fethiewe strength of the meteariai wes 
Gefined at 10,000,000 ayelas, isa., 20,000,000 reversals 
of atrose, This Litt 1 considered te cover the fatigue 
eomlibien® excountered throwatovt the conperutively nhort 
Life of mi Mirplere end ie efficient to deteraine the 
efreot of erein direction wrod fSiigue strength. 

che Inod tepaot opecimens (figure 5) were 
teeted in u etonderd Sinine-oisen, 120 ft. Lb. e@pacity, 
impett auohioe: the Spesinen was gleeed in the mechine 
in euch 4 wenntp Se bo lowure the hammer hitting each 
epeaivwn ff the se6e reletive place, éfter the syeciven 
wee jo plage Sie Kee? Wee THiged to ibe of Xiu 
potential se «rey seeltion (106 Tt. Lb.) and wisn the 
icidoeking namd in the sara position the bemmer war 
culeased. ‘tie atrikion elesity of Sie hemor ne 
(1.20 £t./ae0, The eoergy sdsorbed if fyecturine 1 


scupisec wee (aitonted BY bo Avoe upen tle woels. 
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The alamicum elloy, l4e-f, is © high atrength, 
heat treatable, forging @lloy ehich is finding in- 
aretsing favor in the. aircraft industry «8 © material 
for the manufecture of Highly etressed fittings, It 
is generally furnished to the menafeeturer in the fom 
of a hend forged billet epproximately 3" x 6" in oross 
geetion. the test Gpecinens were eut from a single 
billet of this tyne. 

fhe photomicrographs (#igere 6) show the 
grain size to be comperstively large, due in pert to 
the feet that there bee been Little breeking dewm of 
the originel ingot. [It le erebeble that the s@ditionel 
working received in the forging of © Titting would break 
down the grein structere to s eonsiderebly sweller siae. 
for this reason, certein properties, gach ae fatieus 
strength end energy sbworstion, mey be somewhat im 
proved in the finistd forgings. however, & bhllet 
of approximately this size ma refuired in ordex to 
obtein homoeeneous meteriel for 611 the physie®l teste, 

Chotericroarephs of tha test mterinl were 
token in tloee mutuslip perpeddionler pleases (Figure 6). 
These pclanes are Fivee enlor denienations, es indieuted 


in the sketeh, for the omrwese of ready jdeotiftiestion. 
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Ip the photographa of typical frectured 
speciaann (Tigure 7) the sxbrecly Cibrows sppesracee 
of the opout graic vreses is in decided contrast to 
tis velvety look of t= with eroin fractures. 

fhe ‘ast Powalta ere prosentod in both 
tebilor set erephienl torm (Tieurea 6 ond 9), 

\ comparthen of ifmmet vilues elieyriy in- 
dionter tua serious feficiencies im ensrgy sbeorption 
for the orene grein wpectmenn. 

The otreneth comparisons show that quoted 
vyalnes Soe donkarvetive in 011 cnmes. The Large var~ 
jetion im Tetiow® «tremgt) with grails direction should 
be noted. 

vhe Seformetion cammtrison chert presents 
the effact of ereim Gireetion upon the amount of 
plastic deforwesiog eich geeurs vefore failure, ed 
S186 Shows Siw! Gefermetion under atatic and dynsmic 
lott ivge ore im good eersenent. <bis lest fact teode 
ba uphold She Vwwory thet the process of deform tion 
acd rupture ie idantieus in the two cuses. ara Uner 
goint to be owhed 16 thes bow oroes erein e@ longs tion 
os indiciyed by Static beet is gunsloerebly ewe thas 


tie quoted vrius. 








ALUMINUM ALLOY 14S-T 


Designation Of Three Mutually Perpendicular Planes 
With Photomicrographs Of Grain Structure In tach Plane 


Magnification - 100 Diameters 
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ALUwINJh ALLOY 148-T 


Tabulated kesults Of Pnysical Tests 


YIELD ULTIMATE ELONGATION | REDUCTION 
OF AREA 
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This aluminum alloy is in common use in the 
eireraft industry in the form ef Sheet, ber, extru- 
Siens, and tubing. « plese of 4/4” x 6" rectanguler 
bar stock was used for Making & complete set of test 
Specimens, in edfition, # munber of statie teat 
Specimens were made from a pisee of 1/4” plate for 
the purpose of determining the effect of grain size 
On certain physical propertiss. 

The photomlerogrephsa (Fisure 11) ame the 
relative grain sizes and assign color destienations te 
the three mutuelly perpendleulsar planes, 

4n inspestion of photographs of the fractured 
test specimens (Fieure 1¢) reveelis the merked dif- 


Terence in &opeerance of the ith ond eross erpin breaks, 


ihe Gomelete test results Ore presented in 
tubular ond grerhies] ferr (Fieures 19 ead 14), 

\ Gomparison of tension Lepect Values shows 
thet this materiel meinteins ite energy Shsorption 
ability to © high derree in the eross grain Airwetion, 

‘ttention is ealled te the erawk of the noteh 
sengitivity teste (Fienre 14). It if Yo om aates Dies 
toe walnes obtained vary not only @1th the grein 
Rireetion in ths 6peetper bnt alec @ith the ohané in 


whiah the noteh is meehines, 


L?. 


strength comperiaons indicate thet quoted 
vyulues were OdtRLped in wll Fosts, Keduetion of grein 
size improves beth the yield point wad tre ultimate 
strengit of the slloy. . 

Glongetion end reduetion of ares obteined 
from the etevic and dynomic tension tests ere in feir 
ugreemert am) seein tend to uphold the theory that the 
processes of rupture in the two ea8es are idertiesl. 
It should be noted thet quoted elongsticas were 
 ebteinable in the eross grain direotion,. 


Sue ry 
The teshe indiemta thet 411 quoted values of 


the physical properties of 24ST sro readily obtaineble. 
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